In this study, the lowest dynamic viscosity corn oil biodiesel was produced using methanol as alcohol and potassium hydroxide as catalyst by means of transesterification reaction. Dynamic viscosities of produced corn oil biodiesel and its blends with diesel fuel at different temperatures were measured according to international standard. Effects of temperature and biodiesel content in blend on changes of their dynamic viscosities were examined. Changes were described by means of regression models such as two-term exponential model and three-term logarithmic model. Constants and regression coefficients of these models were computed and reported in tables.
Introduction
Rapid growth in population coupling with industrial and technological development is leading to towards the depletion of limited fossil fuel resources of the world. Currently, researches are progressively more directed towards exploration of alternative renewable fuels such as bio-ethanol, biodiesel etc. [1] . Biodiesel is becoming popular in the markets of developed countries as well as developing ones [2] . For example, diesel fuel blended with 20% of biodiesel produced by the soybean oil is available in the US market now [3] . While biodiesel faces some technical challenges such as increasing NO x exhaust emissions and kinematic viscosities, advantages of biodiesel compared to diesel fuel include reduction of most regulated exhaust emissions such as CO, HC and smoke, improved biodegradability, low or no sulfur content, inherent lubricity, higher flash point temperature, domestic origin and renewability [4] . In addition, biodiesel is completely miscible with diesel fuel, allowing the blending of these two fuels in any proportion. However, differences in the chemical nature of biodiesel (mixture of mono-alkyl ester of saturated and unsaturated long chain fatty acids) and diesel fuel (mixture of paraffinic, naphthenic and aromatic hydrocarbons) result in differences in their basic properties such as viscosity, density, cetane number, higher heating value etc., affecting engine performance, combustion characteristics and pollutant emissions. Given the difficulty of obtaining these basic properties of the blends by measurement, the ability to calculate them using regression models is very useful [5] , [6] . In literature, many researchers have already suggested lots of regression models as a function of biodiesel content, temperature, chemical structure etc. to estimate fuel properties such as kinematic viscosity, density, cetane number, flash point temperature, distillation curves etc. as following: Qi and Lee [5] determined distillation curves, cold filter plugging points, cloud points, acid values, sulfur contents and oxidation stabilities of soybean biodieseldiesel blends according to the corresponding standards, and the influences of biodiesel content on these blends' properties were evaluated. Kay's mixing rule was used for predicting the properties. Ebna et al. [7] investigated densities, dynamic viscosities and higher heating values of waste cooking palm oil methyl ester and its blends with No. 2 diesel fuel under varying temperature. Based on the experimental results, regression correlations such as Kay's mixing rule and Grunberg-Nissan mixing rule have been proposed for estimating these fuel properties. Gülüm and Bilgin [8] investigated variations of densities, flash point temperatures and higher heating values of corn oil biodiesel-Ultra Force Euro diesel fuel blends. The authors also proposed new one-and two-dimensional models to predict these fuel properties.
In this study, (1) the minimum dynamic viscosity corn oil biodiesel was produced using methanol (CH 3 OH) and potassium hydroxide (KOH), (2) the produced biodiesel was blended with commercially available diesel fuel at the volume ratios of 5, 10, 15, 20, 25, 50 and 75%, (3) kinematic viscosities of the biodiesel-diesel fuel blends were measured at different temperatures (10, 20, 30 and 40 o C) according to international standard, and (4) regression models were proposed for viscosity-blending ratio and viscosity-temperature relationships.
Materials and Methods

Materials
To produce biodiesel by basic catalyzed transesterification, refined corn oil (purchased from a market), methanol (Merck, 99.8% purity) and potassium hydroxide (Merck, pure grade) were used.
Biodiesel production
The parameters of transesterification reaction were determined as 1.1% catalyst (KOH) concentration, 60 ℃ reaction temperature, 60 minute reaction time and 9:1 alcohol/oil molar ratio to produce the minimum dynamic viscosity corn oil biodiesel in a master thesis done by Gülüm [9] . Details of biodiesel production were given in [8] , [9] .
Density measurement
The densities of the biodiesel-diesel fuel blends were determined by means of Eq. (1) and measurements in accordance with ISO 4787 standard:
(1) where ρ and m represent density and mass, respectively. The density measurements were conducted three times for each sample and the results were averaged. Details of the measurements were given in [8, 9] .
Dynamic viscosity measurement
The dynamic viscosities were determined in accordance with DIN 53015 standard by using Eq. (2) and making measurements by means of the Haake Falling Ball Viscometer, Haake Water Bath and stopwatch: (2) where μ biodiesel is dynamic viscosity, K is coefficient of the viscometer ball, and t is falling time of the ball moving between two horizontal line marked on viscometer tube at limit velocity. K ball and ρ ball are 0.057 mPa.s.cm 3 /g/s and 2.2 g/cm 3 , respectively. The viscosity measurements were also conducted three times for each sample and the results were averaged.
In this study, densities and viscosities were measured in Internal Combustion Engines Laboratory in the Mechanical Engineering Department at Karadeniz Technical University. The fatty acid methyl ester compositions of the produced biodiesel were determined in Science Research and Application Center at Mustafa Kemal University. Moreover, other fuel properties such as flash point temperature, cold filter plugging point temperature and higher heating value were measured in the Prof. Dr. Saadettin GÜNER Fuel Research and Application Center at Karadeniz Technical University. Table 1 lists these fuel  properties with EN 14214 and ASTM D 6751 standard values, and Table 2 shows fatty acid compositions of the produced biodiesel and its calculated average molecular mass and typical formula. Fig. 1 shows changes of dynamic viscosities of corn oil biodiesel-diesel fuel blends with respect to biodiesel fraction for varying temperature. In this figure, the points correspond to the viscosity values measured by the authors for studied temperatures and biodiesel fractions, while the lines are plots of curve fit equation. It is clear from this figure that all the blends follow the same trend, i.e., viscosities of the blends increase with increasing biodiesel fractions for studied temperatures, as expected. In order to characterize these variations, two-term exponential model was fitted to the experimental data:
Result and Discussion
where μ is dynamic viscosity (mPa. s), a, b and c are regression constants and X is biodiesel fraction. (3), relative errors between them, regression constants and correlation coefficients (R). For the blends, the maximum relative error is 3.1736% with the lowest R value of 0.9986. Therefore, the two-term exponential model is suitable fit for the changes of dynamic viscosities versus biodiesel fractions. The effects of temperature on dynamic viscosities of corn oil biodiesel-diesel fuel blends are illustrated in Fig. 2 . It is clear from this figure that viscosities of the all blends follow the same trend: as temperature is increased, viscosities decrease, as expected. The experimental data were correlated with the three-term logarithmic model by applying the least squares method as: (4) where T is temperature (℃), a, b and c are regression constants. The measured and calculated dynamic viscosities from Eq. (4), relative errors between them, regression constants and correlation coefficients are given in Table 4 . For the blends, the maximum relative error and the lowest R value were computed as 2.0978% and 0.9977. These results and Fig. 2 indicate that the relation between dynamic viscosities with temperature is found to be proper expressed by the three-term logarithmic model. 
Conclusion
In this study, corn oil biodiesel having minimum viscosity was produced by means of transesterification reaction. The produced biodiesel was blended with diesel fuel at the different volume ratios (5, 10, 15, 20, 25, 50 and 75%). For blends, pure biodiesel and diesel fuel, two-term exponential and three-term logarithmic correlations were developed to represent changes of dynamic viscosities with respect to temperature and biodiesel fraction, respectively. According to results, these exponential and logarithmic models with the max. relative errors and lowest correlation coefficients (3.1755%-0.9986 and 3.1755%-0.9986) are quite suitable to represent these changes.
In the light of this work, researchers could try to develop new or general models to estimate other fuel properties such as heating value, cetane number, acid value etc. of different biodiesel-diesel binary or biodiesel-diesel-alcohol ternary blends for future studies.
